Executive Summary
Waste acceptance criteria (WAC) for the E-Area Slit Trenches are based on a Performance Assessment (PA) and subsequent Special Analyses. Because the PA was first performed prior to operation of the Slit Trenches, the eventual waste distribution and forms were unknown and hypothetical waste loading scenarios were analyzed. Generally each radionuclide was assumed to be uniformly distributed throughout the area covered by Slit Trenches #1 and #2, and reside in a solid waste form that results in an instantaneous leaching of the entire inventory to soil moisture in trenches. Slit Trenches #1 are now nearly full, and thus the actual distribution and form of solid wastes buried there are approximately known. This Special Study assesses the performance of E-Area Slit Trenches under as-filled conditions in Slit Trenches #1, and compares predicted peak aquifer concentration to PA results. Results are limited to tritium, which is the dominant contributor to the current sum-of-fractions for Slit Trenches #1.
In Slit Trenches #1, tritium comprised 85% of the sum-of-fractions through 4/16/03, and 82% of the H-3 inventory is associated with 232-F D&D operations. Tritium activity from 232-F is concentrated primarily in trench compartments 14-1B and 14-1C with a combined length of approximately 200 ft. In this area, the tritium density (Ci/ft 2 ) is roughly 10 times higher than the average. Although non-uniform, the as-filled distribution of tritium inventory in Slit Trenches #1 is not expected to result in peak concentrations that are significantly higher than a uniform distribution, as assumed in the PA. This conclusion is specific to the particular distribution of tritium in Slit Trenches #1.
Solid waste from 232-F is substantially in the form of concrete rubble. As discussed by Hochel and Clark (2003) , tritium embedded within such concrete is expected to leach to trench soil moisture much more slowly than assumed in PA modeling. This study indicates the peak fractional flux to the water table would be approximately 4 times lower for tritium in cementitious wastes compared to instantaneous leaching. Corresponding peak H-3 groundwater concentrations are about 3 times lower for cementitious (e.g. 232-F) wastes. Consideration of waste form could offer an important opportunity to reduce conservatism in PA-based Waste Acceptance Criteria for tritium or other radionuclides. 
Introduction
Waste acceptance criteria (WAC) for the E-Area Slit Trenches are based on a Performance Assessment (PA) and subsequent Special Analyses (WSRC 2002; McDowell-Boyer et al. 2000; Cook 2002 ). Because the PA was first performed prior to operation of the Slit Trenches, the eventual waste distribution and forms were unknown and hypothetical waste loading scenarios were analyzed. Generally each radionuclide was assumed to be uniformly distributed throughout the area covered by Slit Trenches #1 and #2 (Figure 1) , and reside in a solid waste form that results in an instantaneous leaching of the entire inventory to soil moisture in trenches.
Slit Trenches #1 are now nearly full, and thus the actual distribution and form of solid wastes buried there are approximately known. The purpose of this Special Study is to assess the performance of E-Area Slit Trenches under as-filled conditions in Slit Trenches #1, and compare predicted peak aquifer concentration to PA results. Table 1 lists isotopes contributing greater than 1% of the PA limit to the sum-of-fractions as of 4/16/03. The total sum-of-fractions for Slit Trenches #1 was 0.882 on 4/16/03, so other isotopes only contribute an additional 0.028 to the 0.854 impact in Table 1 . Tritium is the dominant contributor to the sum-of-fractions, comprising 85% (0.748 ÷ 0.882). Because tritium effectively controls the performance of Slit Trenches #1, only tritium is considered for further analysis.
In a recent "Point Source" study, Collard (2002) analyzed the effects of hypothetical nonuniform waste inventory distributions for I-129 in two forms. Because the PA aquifer model grid ( Figure 1 ) was too coarse to represent point sources down to the desired scale of 4 individual B-25 boxes (4' depth × 4' height × 6' width for each box), a higher-resolution, local-scale flow and transport model was developed ( Figure 2 ). The PA and Point Source models are compared in Figure 3 . For consistency with the prior analysis of non-uniform waste loadings, the models and analysis approach developed by Collard (2002) were adopted as the starting point for the present Special Study of as-filled conditions.
In the sections that follow, the spatial distribution of tritium inventory in Slit Trenches #1 is estimated from Waste Inventory Tracking System (WITS) data and facility operation information under as-filled conditions through 4/16/03 (Sink 2003; Appendix) . An alternative model of tritium release from the bottom of a slit trench, more appropriate for the cementitious form of 232-F burials, is considered based on the work of Hochel and Clark (2003) . Results from PORFLOW (Analytical & Computational Research Inc. 2000) vadose and saturated zone simulations using the as-filled spatial distribution and trench release model are then compared to the PA and related simulations. 
S l i t T r e n c h e s # 1 S l i t T r e n c h e s # 2

Spatial Distribution of Tritium Burials
The main source of tritium in Slit Trenches #1 originates from 232-F D&D operations. According to the Waste Information Tracking System (WITS) and operations records, portions of Slit Trenches 14-1 and 14-2 within Slit Trenches #1 received 237 packages of 232-F building rubble with a total activity of 3.90 Ci. Waste stream calculations indicate that tritium (H-3) accounts for 99.28% of the total activity, or 3.87 Ci. As of 4/16/03, the total tritium inventory in Slit Trenches #1 was 4.71 Ci (Sink 2003) . Burials associated with 232-F D&D thus comprise 82% of the total through that date.
WITS data and facility operation information provided by D. Sink and S. Reed (Sink 2003; Appendix) were used to determine the relative as-filled distribution of tritium in Slit Trenches #1. Four individual compartments received waste from 232-F D&D Rubble operations: 14-1B, 14-1C, 14-2A, and 14-2B (Figure 4 ). Documented activities from the individual shipments of waste were assigned to the slit trench compartments based on the dates of operation of the compartments. For example, 14-1B operated in January of 1997 therefore 232-F D&D shipments received for December 1996 and January 1997 were assumed to have been buried in this compartment. For each compartment, the total activity from these waste shipments was multiplied by 99.28% to estimate a tritium activity. Tritium not associated with 232-F D&D (0.84 Ci or 18%) was assumed to be uniformly distributed through the remaining area. The tritium activity for each compartment was then compared to the average tritium density calculated for Slit Trenches #1 to obtain a relative tritium distribution. Table 2 summarizes the data used to determine the relative tritium distribution (relative density) depicted in Figure 4 . Slit trench compartments 14-1B and 14-1C contain the highest concentration of tritium, with average activities per area that are 8.6 and 12.7 times higher than the average density for Slit Trenches #1. Over the remaining trench area, the density of H-3 is approximately 0.2 times the average loading.
In the prior Point Source study, Slit Trenches #1 and #2 were assumed to be comprised of 10 individual trenches, each 20 ft wide by 640 ft long (Figure 3a) . The gap between trenches was 10 ft. The Point Source model representation is similar to the actual trench configuration in Slit Trenches #1 and adequate for the present study. For consistency, the same representation of slit trenches is used for PORFLOW modeling in this study. Figure 5 shows the model representation of Slit Trenches #1 and #2 in greater detail, and identification labels for each trench or trench segment defined in modeling. The analysis shown in Table 2 was repeated for the modeled trench configuration to account for differences in geometry between Figures 4 and 5. Also, the PA assumes that tritium is uniformly distributed between Slit Trenches #1 and #2, and this assumption is retained in the current analysis. The activity estimated to reside in each physical compartment identified in Table 2 is preserved in the model representation of the same compartment. The results for a 1 Ci total inventory are summarized in Table 3 . Note that the physical area of Slit Trenches #1 is approximately 52,000 ft 2 , compared to 64,000 ft 2 for the same trenches as modeled. The area difference leads to differences in the relative density factors listed in Tables 2 and 3 (e.g. 12.7 versus 15.2 for compartment 14-1C). 
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Leaching of Tritium to Soil Moisture
In the PA, tritium is assumed to leach immediately from solid waste forms into soil moisture within the trench. That is, the entire inventory is assumed to be a solute at the start of a PORFLOW vadose zone transport simulation. Tritium migrates out of the waste zone by advection within a few years. For some waste forms (e.g tritium on shoe covers), this assumption may be a reasonable representation of reality. For other solid wastes, the assumption is clearly conservative.
Building 232-F rubble is comprised mainly of broken-up concrete with embedded tritium. For this waste form, tritium is expected to leach to backfilled trench soil slowly over time by diffusion and/or advective transport through low-permeability concrete. Hochel and Clark (2003) have estimated tritium release from the bottom of a typical slit trench. The conceptual model is that of decay-corrected plug-flow through a concrete monolith of trench cross-sectional dimensions, and stated to produce an "upper limit" or conservative estimate. The resulting fractional release rate (Ci/yr release per 1 Ci inventory) is shown in Figure 6 . See Hochel and Clark (2003) for additional information. 
PORFLOW Simulations
If the groundwater pathway is limiting, peak aquifer concentration at a 100 meter well defines the Waste Acceptance Criteria (McDowell-Boyer et al. 2000) . Peak aquifer concentrations are calculated in two phases. First transport through the vadose zone to the water table is simulated using a two-dimensional PORFLOW model representing a generic trench cross-section. The fractional flux from the vadose model, combined with a spatial distribution of waste in trenches, defines flux to the water table in the aquifer model. Specifically, the flux computed to be leaving the bottom of the vadose model at the water table is defined to be a mass flux source term in aquifer model nodes just beneath the water table underlying trenches. Groundwater recharge is specified at the ground surface in the aquifer model. Transport from the water table surface to a 100 meter well is simulated using a three-dimensional PORFLOW model. Collard (2002) describes how the vadose zone and aquifer models adopted for this study were developed. See the PORFLOW User's Manual for detailed information on the PORFLOW code (Analytical & Computational Research Inc. 2000) and the PA (McDowell-Boyer et al. 2000) for additional information on modeling methods used.
Vadose zone water flow and H-3 transport were simulated for two mechanisms of tritium release from a slit trench. For the "Rapid (PA)" release mechanism, tritium is placed in the waste zone (trench) as a solute following the PA methodology. The entire inventory of tritium begins to migrate through the waste zone immediately. For the "Gradual (Hochel/Clark)" release, the flux shown in Figure 6 is placed at the bottom of the trench as an internal source. Fractional fluxes computed at the bottom of the trench and at the underlying water table are shown in Figure 7 for both release mechanisms. The Hochel/Clark release is observed to be more gradual, with a lower peak flux and longer duration.
For aquifer transport modeling, either fractional flux transient can be combined globally with either a "Uniform (PA)" or "As-Filled" inventory distribution. In addition, the Rapid (PA) and Gradual (Hochel/Clark) fractional fluxes can be used within the same simulation, by applying one to a portion of trenches and the other to the remaining area. In the "Uniform (PA)" scenario, waste is assumed to be uniformly distributed between and within Slit Trenches #1 and #2 following the PA methodology. In the "As-Filled" scenario, tritium is assumed to be uniformly distributed between Slit Trenches #1 and #2, and within Slit Trenches #2. However, a nonuniform distribution resembling as-filled conditions is applied to Slit Trenches #1. Table 3 defines the non-uniform as-filled distribution. The label "As-filled" is somewhat of a misnomer in that the distribution of tritium between Slit Trenches #1 and #2 (uniform or 0.5 Ci each) is hypothetical. "As-filled" refers only to the distribution within the first set of 5 trenches.
Five aquifer transport scenarios were considered as summarized in Table 4 . The first 4 simulations represent a single-effect parametric study of 2 distributions and 2 release models. In the fifth simulation, a combination of release models is applied. The Gradual (Hochel/Clark) fraction flux is applied only to the 232-F cementitious waste for which it was developed, and the remaining inventory in Slit Trenches #1 and all of Slit Trenches #2 is released using the default Rapid (PA) model. Table 5 for the 5 scenarios considered in the present study. Also shown are the key results from related studies. Elapsed Time ( 
Discussion of Results
Simulation 1 resembles Case06 and Case07 for H-3 considered by Flach and Collard (2003) using the coarser-mesh aquifer transport model grid used in the PA. The latter cases involved a uniform distribution of waste over model footprints of the same area as the outline of Slit Trenches #1 and #2, and the "Rapid (PA)" release mode. Peak concentrations from the two studies are nearly the same as expected, but about twice as high as the PA value. Thus the present results are qualitatively the same as those of Collard (2002) for I-129 with respect to the PA. Collard (2002) and Flach and Collard (2003) discuss reasons for the difference with the PA.
Comparison of Simulations 1 and 3, and Simulations 2 and 4, indicates that the non-uniform, asfilled, distribution of tritium in Slit Trenches #1 should not significantly impact peak aquifer concentration at a 100 meter well. However, the release model chosen has a large impact, on the order of 3×, as can be seen by comparing Simulations 1 and 2 and Simulations 3 and 4. This effect is commensurate with the difference in fractional flux curves shown in Figure 7 .
Simulation 5 assumes 232-F inventory is released relatively slowly per Hochel and Clark (2003) , but all other tritium burials produce a rapid release to soil moisture and the water table.
Compared to Simulation 1, which is conceptually equivalent to the PA methodology, the peak concentration is significantly lower (2189 versus 3199 pCi/L). The Hochel and Clark (2003) model of tritium release is believed to be conservative (Hochel and Clark 2003, p. 4) .
Conclusions and Recommendations
In Slit Trenches #1, tritium comprised 85% of the sum-of-fractions through 4/16/03, and 82% of the H-3 inventory is associated with 232-F D&D operations. Tritium activity from 232-F is concentrated primarily in trench compartments 14-1B and 14-1C with a combined length of approximately 200 ft. In this area, the tritium density is roughly 10 times higher than the average. Although non-uniform, the as-filled distribution of tritium inventory in Slit Trenches #1 is not expected to result in peak concentrations that are significantly higher than a uniform distribution, as assumed in the PA. This conclusion is specific to the particular distribution of tritium in Slit Trenches #1.
